Background and Objectives: Treatment of gastroesophageal reflux disease (GERD) with hiatal hernia in obese patients has proven difficult, as studies demonstrate poor symptom control and high failure rates in this patient population. Recent data have shown that incorporating weight loss procedures into the treatment of reflux may improve overall outcomes.
INTRODUCTION
Obesity is an ever-growing public health concern. The increasing rate is accentuated in the United States, where more than one-third of the population is categorized as obese, having a body mass index (BMI) greater than 30 kg/m 2 . A recent review of the economic burden of obesity reported that, over the past 20 years, healthcare costs have increased 21-54% for class I obesity (BMI, 30 -34.9), 43-57% for class II (BMI, 35-39.9), and 78 -111% for class III (BMI, Ն40). 1 These costs were calculated on the a basis of the increases attributable to comorbidities associated with obesity and not simply to the treatment of obesity itself. Included were outcomes, such as increased length of stay for all admissions and increased medical resource usage for nonbariatric surgery.
Obesity is a multifactorial condition that has been linked to the development of many other comorbidities and recently has been classified as a unique disease by the American Medical Association. 2 One such comorbidity is gastroesophageal reflux disease (GERD), and another is hiatal hernia. The connection between obesity, hiatal hernia, and GERD is well established. El-Serag et al 3 surveyed more than 400 Veterans Affair volunteers and found that 34.6% of individuals with a BMI exceeding 30 kg/m 2 had GERD symptoms, compared with 17.6% of those with a BMI lower than 25 kg/m 2 .
The Nurse's Health Study has also been used to investigate the relationship between BMI and GERD. In 2000, a supplemental questionnaire regarding GERD symptoms was sent to more than 10,000 participants. Both univariate and multivariate analyses in that study found a strong dosedependent relationship between BMI and frequency of reflux symptoms. The findings showed a 2-to 3-fold increase in the frequency of reflux symptoms in overweight (BMI, 25-30 kg/m 2 ) and obese (BMI, Ͼ30 kg/m 2 ) women. 4 There is a similar relationship between hiatal hernia and obesity. In 1999, Wilson et al 5 found that individuals with a BMI exceeding 30 kg/m 2 were 4.2 times more likely to have hiatal hernia than those with a BMI lower than 25 kg/m 2 . Hiatal hernia also has been found in up to 40% of patients who undergo preoperative esophagogastroduodenoscopy (EGD) for bariatric surgery. 6 Compared to medical management, antireflux operations for GERD have been found to achieve better symptom control, better quality of life, greater reduction of acid reflux, and fewer treatment failures. [7] [8] [9] [10] As well, in patients presenting with uncontrolled reflux, the symptoms have often already failed to improve with several over-thecounter medications.
Few publications have documented the natural history of nonsurgical management of hiatal hernia. Regarding operative repair, however, several studies have shown that surgery is safe and feasible and provides short-term resolution of symptoms, especially in the symptomatic population. [11] [12] [13] Among these studies, a recent 10-year retrospective review of laparoscopic hiatal hernia repair in giant paraesophageal hernia identified obesity as a risk factor for long-term adverse outcomes. 14 In the nonobese population, therefore, surgical options are readily considered for definitive treatment of GERD and hiatal hernia. However, concomitant obesity complicates this decision, as obesity has also been shown to increase the failure rate of antireflux surgery. 7 Because of the increased risk of surgical failure in this challenging population, some groups now recommend consideration of weight loss surgery as a treatment for GERD. In fact, the most recent Society of American Gastrointestinal and Endoscopic Surgeons (SAGES) guidelines on antireflux surgery recommended that gastric bypass be the operation of choice in the morbidly obese population (BMI, Ͼ35 kg/m 2 ) (grade B evidence). The alternative, fundoplication, was thought less desirable because of the higher failure rate in this patient group and because it does not correct the underlying problem of obesity. 15 Although there has been increased acceptance of bariatric surgery for GERD and hiatal hernia in the obese population, there are several obstacles, such as patient preference, lack of insurance coverage, and delay in treatment of GERD. Many patients with severe reflux or hiatal hernia do not meet Medicare requirements for bariatric surgery (BMI Ͼ40 kg/m 2 , alone, or 35-40 kg/m 2 , with significant comorbidities). Other patients may meet these requirements, but may prefer not to undergo gastric bypass or are unable to comply with postoperative lifestyle modifications.
The objective of the current study was to analyze outcomes of obese and morbidly obese patients with symptomatic hiatal hernia who underwent surgical repair with the addition of a partial longitudinal gastrectomy during the same operation. One recent case series showed that this combined approach is both safe and feasible. 16 A second series reported positive symptom relief, with no recurrences at a mean of 20 months of postoperative follow-up. 17 In our series, a Roux-en-Y gastric bypass (RYGB) was not performed because of insurance denial or patient preference. We hypothesized that the addition of a weight loss component and a tailored esophageal-lengthening concept to the standard structural repair of a hiatal hernia would result in decreased failure rates and improved symptoms in this patient population.
METHODS

Study Population
This study was a retrospective analysis of a prospectively maintained database of patients with a BMI greater than 30 kg/m 2 and symptomatic type III or IV paraesophageal hernia. The study is a follow-up of a short-term series 18 involving 19 patients. These patients were contacted for updated data, and 9 new patients were added. Operations were performed from December 2007 though July 2013. None of the patients presented with the sole intention of undergoing weight loss surgery.
A review of the patient's charts was conducted for collection of preoperative data including demographics, BMI, symptoms, use of prescription and nonprescription acidreducing medication, operative indications, perioperative data (operative time, technique of crural closure, hospital length of stay, and complications), and follow up data (resolution of symptoms, use of prescription and nonprescription acid-reducing medication, BMI, and further intervention or need for revision).
Preoperative Workup
Imaging studies, including upper gastrointestinal (GI) series, EGD, or computed tomographic scan were performed or reviewed if already completed. Patients were also evaluated by a preoperative clearance team consisting of internal medicine and anesthesia practitioners for preoperative risk stratification based on history and medical comorbidities.
Surgical Technique and Postoperative Management
The technical aspects of the operation revolved around 3 therapeutic goals:
1. Complete reduction of the hernia contents into the abdominal cavity and excision of the hernia sac. Access to the peritoneal cavity was obtained with an optical trocar, and 4 to 5 working trocars were introduced into the upper abdomen. A liver retractor was used to expose the hiatus. The hernia sac was identified and carefully dissected from the crura. The hernia was completely reduced, and the sac was excised to the level of the angle of His. The esophagus was circumferentially dissected proximally into the mediastinum, to achieve an intra-abdominal esophageal length of 4 -5 cm. The hiatus was closed primarily with nonabsorbable suture. Based on the presumed tension and surgeon's discretion, mesh reinforcement was performed with biologic or bioabsorbable material.
The stomach was mobilized, and the short gastric vessels were divided with ultrasonic shears along the greater curvature. A longitudinal gastrectomy was performed with sequential firings of the endoscopic linear stapler (Echelon Flex Endopath, Ethicon, Cincinnati, Ohio) over a bougie dilator or a therapeutic upper endoscope to calibrate the gastrectomy. The line of transection extended from just proximal to the incisura angularis to the angle of His. The staple line then was reinforced with a running absorbable suture or staple line reinforcement product (Figure 1 ). An intraoperative endoscopy was performed to identify potential leaks and to confirm adequate width of the gastric lumen. A closed suction drain then was placed along the line of resection in selected cases.
After surgery, most patients (24/28) underwent an upper gastrointestinal (UGI) study. After a normal contrast study, a liquid diet was initiated and continued throughout the hospital stay. Patients then were seen at a follow-up visit within 4 weeks of discharge and at 3-month intervals as needed.
Patient Questionnaire and Evaluation of Outcomes
A patient questionnaire ( Figure 2 ) was designed to evaluate the main objectives of our study as follows:
1. Resolution of symptoms: questions 2 to 8 focused on the presence of upper GI symptoms commonly related to GERD and hiatal hernias. To evaluate the severity of symptoms objectively, a severity index score was calculated by assigning 0 to 3 points to each question based on frequency: 0, absence of symptoms; 1, symptoms once a week; 2, symptoms 2-3 days/week; and 3, symptoms more than 4 days/week. The maximum possible score was 21 (more severe), and the minimum score was 0 (less severe). The pre-and postoperative score for each patient was compared, to assess improvement of symptoms. Patients were also interro-gated on the use of prescribed antisecretory medication (proton pump inhibitor [PPI]/histamine type 2 receptor [H2]-blocker) and over-the-counter medications for related GI symptoms before and after surgery. 2. Weight loss: question 1 was used to calculate BMI at the time the questionnaire was conducted. 3. Patient satisfaction: questions 11-13 evaluated the patient's perception of improvement and satisfaction with the results.
Statistical Analysis
BMI and scores were analyzed on a log scale, using additive mixed-modeling techniques, as implemented in the mgcv 19 package in R (www.r-project.org). The model for BMI includes a random effect for each subject and assumes a first-order autoregressive correlation structure within subjects. The model for scores includes a random effect for each subject, a random effect for follow-up within each subject, and a first-order autoregressive correlation structure. The additional complexity of the model was necessitated by the structure of the questionnaire. Changes in PPI use as a function of time were analyzed by using generalized additive modeling techniques and incorporated subject-specific random effects. Comparisons were performed with the multcomp 20 package in R and control the overall error rate at the stated level. All analyses were achieved with the R software (ver. 3.0.2; Vienna, Austria). P Ͻ 0.05 denoted significance for all testing.
RESULTS
The study enrolled 28 patients. The patient demographics are listed in 2 . Symptoms at presentation included epigastric pain (n ϭ 10), reflux/regurgitation (n ϭ 18), dysphagia (n ϭ 10), and nausea/emesis (n ϭ 4).
All patients underwent preoperative evaluation with a UGI contrast study, EGD (those studies performed outside of our institution were reviewed), or both. Selected patients had a gastric-emptying study or computed tomography as part of their workup, as indicated. Seven patients (25%) had a history of prior hiatal hernia repair with Nissen fundoplication, which was performed laparoscopically (n ϭ 5), laparoscopically with a hand-assisted technique (n ϭ 1), or via open laparotomy (n ϭ 1). All 7 of these patients experienced anatomic failures identified during the preoperative workup as defined by transhiatal migration (n ϭ 6), wrap disruption (n ϭ 2), and failure of the diaphragmatic closure (n ϭ 1). Of the remaining 21 patients, 16 had type III and 3 had type IV hernia. Hernias in 2 patients were not classified because of lack of available preoperative imaging.
All cases (100%) were completed laparoscopically. The mean operative time was 227 Ϯ 75 minutes (range, 102-373). Primary hiatal closure was performed in all cases after complete reduction of the hernia and excision of the sac. Mesh overlay reinforcement was performed in 18 (64%) of the cases. Permacol mesh was used was in 10 cases (56%), Bio-A in 7 (39%), and Strattice in 1 (5%). A longitudinal gastrectomy was performed in all of the patients. The procedure was calibrated by using a 36, 40, or 50 French Maloney dilator. The gastrectomy staple line was reinforced by imbricated suturing in 27 cases (96%).
Four cases had slight variations in the surgical technique. One patient had a Nissen fundoplication created with the proximal fundus after longitudinal gastroplasty, and 2 patients had an anterior gastropexy. In 2 patients, additional procedures were necessary because of intraoperative complications. In 1 case, a tube thoracostomy was placed for suspected pneumothorax. The other patient, with a type IV paraesophageal hernia containing transverse colon and spleen, underwent splenectomy for subcapsular bleeding. Two other patients underwent adjunct procedures during their operations. One had a liver biopsy performed to evaluate the patient's hepatomegaly for nonalcoholic steatohepatitis (NASH) and the second had a left lateral liver resection for a suspect liver lesion.
The overall morbidity rate was 14.3% (4/28). One patient returned to the operating room for diagnostic laparoscopy and EGD on postoperative day 3 for suspected staple line leakage noted during the contrast study. No abnormalities were detected during the exploration. This patient was later found to have a pulmonary embolism, despite receiving appropriate prophylaxis. Other complications included respiratory failure in 2 patients that necessitated admission to the surgical intensive care unit for respiratory support. The cause in both cases was decompensation of underlying chronic obstructive pulmonary disease (COPD), resulting in a prolonged hospital stay (10 and 15 days). Finally, there was 1 case of wound infection, which required operative incision and drainage.
The mean length of hospital stay was 5 Ϯ 3 days (range, 2-15). Within 4 weeks after discharge, 23 patients (82%) returned for a follow-up visit. Of the 23 patients, 19 (82.6%) had complete resolution of gastrointestinal symptoms, 2 reported occasional nausea, 1 reported dysphagia, and 1 had reflux symptoms controlled with antisecretory medication.
Follow-up data were available for 26 of the 28 patients, as 2 had only recently undergone surgery at the time of collection of data. Of these patients, 21 (75%) completed the telephone survey during a mean follow-up period of 27 months. One patient was lost to follow-up evaluation, and another died. The remaining 3 patients could not be reached for the survey.
The results after the mean follow-up period of 27 months (range, 5-46) are summarized in Table 2 . The symptom severity index (0 -21) was calculated for all 21 patients. Before surgery, the patients had a mean score of 15 Ϯ 5 (range, 2-21). The mean postoperative symptom severity index was 6 Ϯ 5 (range, 0 -20). Surgery also was effective in reducing the use of daily antisecretory medications (PPIs/H2-blockers), from 96% (before surgery) to 62%
(at the time of the survey). The average score at 12 months was about one-tenth of the average score before surgery, and the average score at 24 months was approximately one-fifth of the average score before surgery (both P Ͻ .001). The average score at 24 months was estimated to be about twice the average score at 12 months, but the difference was not statistically significant (P ϭ .23). Figure 3 gives the average score as estimated by the model for a 2-year follow-up time. After a fairly precipitous drop during the ϳ6 months after surgery, the average score did not seem to change appreciably or increased slightly. 24 -43) . BMIs at 12 and 24 months represent reductions of ϳ20% from preoperative levels (both P Ͻ .001). BMI change over time is shown in Figure 4 .
Regarding PPI use, Figure 5 shows the changes in the estimated average probability of PPI use during the 2 years after surgery. Before surgery, slightly more than 90% of the patients were on PPIs. The rate of usage decreased in the 2 years after surgery, at which time PPI use was roughly 60%. The odds of PPI use at 12 months were about one-fifth of those before surgery (P ϭ .026). The odds of PPI use at 24 months were about one-tenth of those before surgery (P ϭ .007). Finally, the odds of PPI use at 24 months were about half of those at 12 months, The majority (20/28; 71%) of patients surveyed perceived a complete to near complete resolution of symptoms, and all of the patients stated that they would recommend this operation to patients with similar conditions. Treatment failure, defined as recurrence of symptoms at or near the preoperative level, occurred in 2 patients. One of these patients has since returned to the clinic and reported occasional spasms, persistent reflux including nocturnal cough, and dumping-like symptoms. This patient is currently undergoing evaluation for conversion to RYGB. The second patient has not yet presented for follow-up evaluation.
An upper GI series was scheduled for the 6-month postoperative visit in all patients. This study was completed in 9 of the patients (32%). Some patients did not present for their follow-up appointment, whereas others attended their visit, but did not complete the study. In those studies that were completed, only 1 anatomic failure was observed; however, it was deemed to be clinically insignificant, and the patient was found to be asymptomatic.
One patient was lost to follow-up. Another died at home of an unknown cause during the 30-day perioperative period.
DISCUSSION
Failure of antireflux surgery and paraesophageal hernia repair in the obese population has been reported in significantly higher rates than in the population with a normal BMI. 21, 22 Unfortunately, the complex nature of obesity suggests that there are many factors that contribute to the failure of treatment. Lower success rates of operations are seen in the obese population, 23 even in those who do not have symptoms caused by being overweight. In the current study group, this record is compounded by the fact that GERD is caused in part by obesity, and any treatment will be less successful as long as the extra weight is present.
Symptom relief was reported by most of our patients in the follow-up survey. Outcomes from the initial short-term study by Rodriguez et al 18 showed a significant symptomatic response, in addition to a considerable weight loss. Upon follow-up analysis, we observed a plateau and possible shift toward symptom recurrence, as well as a softening of the weight loss curve. Beyond the 1-year mark of the previous study, some patients began experiencing symptom recurrence, which may be interpreted as the "life span" of the antireflux aspect of this approach.
The return of symptoms in our study group was observed to occur only after the initial period of rapid weight loss. Once the rapidity of weight loss decreased, the patients began to experience the discomfort associated with the recurrent reflux. This observation highlights the contribution of weight to GERD symptomatology in the obese population. It follows that a more definitive bariatric approach, providing greater initial weight loss and long-term reinforcement of weight maintenance may result in a more sustained resolution of reflux in this patient group, perhaps in part because of modifications of this operation compared with standard sleeve gastrectomy, including larger bougie size and more proximal stomach transection.
We observed an EBW loss of 44% at a mean follow-up of 26.8 months. A review of the solitary sleeve gastrectomies reported an EBW loss of 64.7% within a similar time frame. 24 It should be noted, however, that our patient group differs from the traditional group that undergoes laparoscopic sleeve gastrostomy (LSG) in several ways. First, our patients' BMI distribution did not exceed 48, thus excluding the superobese population. Second, the primary end point of our operation was resolution of reflux, not maximal weight loss, which may have affected patients' postoperative habits regarding diet and lifestyle modification. Finally, the longitudinal gastrectomy performed in our patient group was tailored to be wider than traditional LSG, specifically by using a bougie up to 50 French, as opposed to the 36 to 40 French dilators used in traditional LSG. This widening of the gastrectomy was performed with the intention of preventing the increased reflux disease that occurs with standard LSG.
The softening of the weight loss curve after the initial decrease in weight of the first postoperative year was similar to that observed in both LSG and RYGB. 25 This outcome indicates that, although their initial weight loss was not as significant as that found in a purely bariatric setting, our patients tended to initiate some form of lifestyle modification to maintain their slimmer state. This concept is important, as regression toward weight gain may complicate the antireflux aspect of this operation and could confound the reports of symptom recurrence.
Evaluating symptom resolution in a patient population is difficult, as each patient reports varying degrees of a variety of symptoms for the same condition. In the current group, several patients reported minimal initial symptoms, either because of incidental detection of the hernia or because of current pharmacological therapy. The standardized survey provided an objective set of criteria for patients to report, and, with the aid of frequency options (days per week), patients were also able to describe the degree of symptom resolution or recurrence. With these tools, we found that all of the patients surveyed reported an improvement of symptoms and most (95%) who underwent this operation had documented weight loss.
The present study, although novel in its approach to combined GERD and obesity treatment, is limited by its small patient group and retrospective design. As a follow-up to the initial short-term study, we observed a change in trajectory in symptom score that tended toward a life span for this procedure. However, this scoring system is a subjective interpretation by the patient without any correlation with diagnostic imaging or objective follow-up testing. Greater proof of the efficacy of our procedure may be that only 1 patient experienced symptom recurrence severe enough to return for re-evaluation.
A limitation specific to our accumulation of data via survey is the inability to account for outside factors that may have contributed to return of symptoms. The surveys did not include data on adherence to diet and lifestyle modification, exercise involvement, or smoking status-all factors that may increase reflux, even after successful surgical repair. As well, patients were not included in our routine post-bariatric surgery study protocols and follow-up schedule.
CONCLUSION
Repair of paraesophageal hernia in the obese is a challenging clinical scenario, especially when the goal is to achieve reduction in symptoms of GERD. Thus, a new approach is needed that can allow the surgeon to repair the hernia while concomitantly fixing other confounding
